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Executive Summary

Many coastal areas are known for their resources and economic wealth, and many are famed for
their scenic beauty. Use functions of the coast include among others fishing, shipping, port
development, recreation, conservation, coastal defense or military defense. On the other hand
coastal and marine areas experience physical and ecological as well as social and economic change
caused by pressure from climate change and globalization processes. This change may include
changes in species composition, hydrodynamic and morphological patterns, but also new
patterns of land and sea use, all together translating into challenges for planning and
management.

In the German North Sea the main challenge is the emergence of offshore wind farming because
it demands a considerable proportion of the available sea space and because the sheer scale of the
proposed developments has led to a series of environmental, social and economic questions.
Against this background the research project Zukunft Kiiste - Coastal Futures had been designed to
extend the knowledge base for Integrated Coastal Zone Management (ICZM) by using offshore
wind farming in the German North Sea as a case study for sea use change. The project, which
encompassed several German research groups, was funded by the Federal Ministry for Education
and Research (BMBF) from April 2004 - April 2010.

In order to come to a holistic assessment of impacts from offshore wind farms on the coastal
system, a range of existing approaches had to be adopted and new methodologies had to be
devised. The resulting research design analytically integrates not only results of social and natural
science investigations, but also links qualitative empirical research and quantitative modeling.
Zukunft Kiiste - Coastal Futures research included a) to discuss future sea use patterns using a
scenario approach, b) to analyze and model impacts of offshore wind energy on specific
ecosystem services as well as socio-economic impacts at local and regional scale, and c) to analyze
stakeholder positions and their underlying values and beliefs as well as related planning processes
and policies. Design and interim development of the project considerably gained from and
contributed to extended exchange within the global LOICZ science community.

Conceptually, Zukunft Kiiste - Coastal Futures applied a systems approach, particularly framing wind
farming in the sea as a social ecological system with nested scales. Translating this way of
thinking into a series of scenarios, which were structured along the DPSIR framework and
represent different visions about the future of the North Sea, supported the identification of
structures and processes at multiple scales. It also assisted in identifying antagonistic and
synergistic cross scale interactions between existing sea and land uses, which can constrain the
potential development of offshore wind farms.

Framed by the scenarios, the use of monitored data, model results and qualitative estimations
contributed to the assessment of the impacts on the North Sea ecosystem services and related
economic opportunities. A further step of integration was the merge of the DPSIR framework
and the ecosystem services approach, which assisted in drawing connections between sea use, the
provision of ecosystem services, the resulting level of ecological integrity and human well being.
Even though the presented results are subject to many uncertainties and therefore have a mainly
indicative character, they provide a spotlight on risks and opportunities associated with large scale
offshore wind farm development.

vii



In relation to planning and management of coastal and marine areas, a main result from Coastal
Futures is the need to deal with use patterns in order to identify cumulative impacts and the
compatibility of different sea uses within the same area. For example some bird species avoid
both, wind farms and intensively used shipping areas. A spatial accumulation of both activities
can therefore result in severe habitat loss. For planning and management this implies that
cumulative impacts resulting out of the pattern of different sea uses are more relevant for
ecosystem functioning than impacts resulting out of one particular wind farm project.

Given such direct and indirect impacts, maximizing spatial efficiency and minimizing conflicts of
use is not a one-off, but a dynamic process that will need to adaptively respond to actual
developments in sea use. Patterns of use can shift as a result of changing dynamics within
individual sectors and in response to external forces. This can alter the balance of uses and the
relative significance of certain uses over others. It follows that monitoring of external driving
forces is particularly important in the coastal and marine context including processes of
globalization (e.g. affecting port development and shipping), technological developments (e.g. use
of hydrogen, energy technology or ‘blue’ biotechnology), or policy developments (e.g. energy
policy, security of energy supply, climate policy).

Societal values and attitudes are another essential driving force that influences decision-making
processes, preferences and political processes. Attitudes to new technology and risk, for example,
will impact on what is deemed acceptable in terms of sea use and what might remain
controversial. This has been shown in the different attitudes to offshore wind held by different
stakeholder groups, for example. Traditional approaches to planning are not particulatly suited to
deal with contradictory value sets and the potential value conflicts surrounding offshore wind
farms. Similarly, contradictory policy targets are difficult to overcome. Therefore accompanying
tools are required that go beyond the classic approaches of planning such as zoning. These might
have to include a holistic vision and coherent strategies for marine area development as well as
targeted non-statutory participatory mechanisms for strategic dialogues. As shown by local
examples statutory and non-statutory processes should be seen as useful complements within a
broader governance system and are not necessarily contradictive.

Altogether, sea use changes such as offshore wind farming are examples of complex unstructured
problems characterized by uncertain available knowledge and diverging stakeholder perceptions.
Despite some shortcomings, the feasibility to use the DPSIR framework to link socio-economic
drivers, pressures and responses along an integrated ecological impact assessment, which is based
on the ecosystem service approach has been demonstrated in Coastal Futures. Applied more
widely, such approaches have the potential to strengthen the information base for decision
making in the context of ICZM and Maritime Spatial Planning (MSP) considerably.
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Prolog

Coastal waters and adjacent land all over the world are identified to be among the most
important sources of ecosystem goods and services. They are a reflection of past and current
socio economic and cultural development and mirror global change phenomena as well as the
multiple dimensions associated with new forms of land and sea use such as renewable energy.
Today coastal zones need to be defined with rather flexible boundaries to account for the
complex geomorphic interplay between natural and human forcing, and to address the multiple
feedbacks between man and the environment. Particularly the relevant spatial extension of
coastal resource use, e.g., offshore wind farms, is subject to considerable debate and review in
light of national and multinational efforts towards marine spatial planning. Recent disasters as the
oil drilling accident in spring 2010 which hit the Golf of Mexico underlines that the devastating
consequences of human activities in the coast are not limited to the place they occur but
influence a wide range of ecosystems and challenge human society to respond on various
technical and political levels. The moratorium on offshore drilling promoted by the US
administration as an immediate response reflects the almost global consequences of such a
disaster and shades new light on the various spatial and temporal scales of costal social ecological
systems and their interaction.

Coastal management as a means to enable sustainable development of coastal zones needs to
take this multiple scale perspective in order to serve as a participatory platform for informed
decision making. It needs to look into both the sea-ward ecosystem—based issues as well as the
preconditions and consequences on land and in communities that extensive coastal land and sea
use will bring. The goal is to identify the stakeholders involved and to engage with these multiple
actors involved in order to generate a collective thinking and ownership of the issues, the
information needs and actions taken. Coastal management today therefore needs to build on
scientifically sound assessment of the risks and opportunities coastal use brings in consideration
also of the changes anticipated to derive from climate change and it has to generate a climate of
trust in which the findings and consequences have to be communicated.

Coastal Futures which was originally motivated to establish research that feeds into advanced
coastal zone management has indeed underlined that fertile grounds of good governance have to
be in place for it to evolve. These grounds are represented by legal frameworks and the social
willingness to get involved and assist in the information development as well as markets that are
prepared to thoroughly explore the pluses and minuses of new developments in light of human
welfare.

Coastal Futures was a collaborative effort. In fact the collaboration between the various institutes
encompassing a wide array of multidisciplinary expertise across traditional disciplinary boundaries
and the link to the global LOICZ project undetlines the need for a new joined thinking. This
refers to scales, processes and tools that are needed to adequately address the risks and
opportunities of new forms of coastal land and sea uses e.g. offshore wind farms in light of
global change challenges which simply cannot be handled as well by one actor alone as it can be
done collectively in strategic partnerships. These partnerships as demonstrated in Coastal Futures
need to bridge between different world views of ‘anyone’s coastal zone’ and enable a collective
understanding of the pros and cons of a change in the management of a cost. How exciting and
challenging this task is may be taken from the fact that during the project the issue of offshore
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wind farming has even mobilized people’s reflections of their ‘coastal perception’ irrespective of
the phenomenon as such being planned and built so far offshore that it is invisible from coastal
lands. These were psychology kicks in, in the value laden discourse on sustainably managed
coastal systems.

Coastal Futures has demonstrated the complexity of the scientific approaches needed to meet this
challenge and in so doing it has explored the rough waters of a meaningful link between social
and naturals sciences with encouraging results. Findings are already reflecting in the national
strategy toward coastal management thus feeding into the implementation of the new EU wide
Marine Policy as expressed in the Marine Strategy Framework Directive and its commitments on
national scale. Coastal Futures has also demonstrated that even in controversial discussions and
issues a collective interest in shaping a new future and exploring new technological challenges can
be equally attractive and forward looking to the coastal communities, as well as the private sector
and the science. It is expected that the findings made regarding the industrial development of
offshore wind farms and the complementary opportunities this may bring can be useful in
informing comparable developments elsewhere. Thus Coastal Futures, while local to regional in
focus, has potential to be relevant for coastal development and coastal people at multiple
locations.

For LOICZ as a global change project Coastal Futures is an example of innovative research
designed to enable multidisciplinary assessment of risks and opportunities arising from coastal
management. It therefore addresses both the risk as well as the vulnerability of coastal systems
including communities and the future options coastal use may bring as a response to global
change. LOICZ will therefore assist in promoting the findings on regional sea and global scale.

A few words on LOICZ in general: Land Ocean Interactions in the Coastal Zone, is a Core
Project of the International Geosphere-Biosphere Programme, IGBP, and the International
Human Dimensions Programme on Global Environmental Change, IHDP. With a growing
network of scientists working on global scale it has been analyzing coastal change and underlying
processes and feedbacks since the early 1990s. During the recent past LOICZ evolved, however,
from its originally biogeochemical focus global into a truly interdisciplinary Earth System Science
experiment, which looks into the multiple features of coastal change in a holistic manner. The
key objective is to inform sustainable development and use of coastal zones by applying a socio
ecological systems perspective along the whole water cascade. It aims to provide the knowledge,
understanding and prediction needed to allow coastal communities to assess, anticipate and
respond to the interaction of global and local pressures which precipitate coastal change. For
LOICZ, Coastal Futures is one of currently around 50 national and international affiliated research
activities which all contribute different facets to the assessment and synthesis of global coastal
change, regional and local drivers and governance response LOICZ is committed to provide to
its parent programs.
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In conclusion it is hoped that this report will be able to communicate the key findings and issues
in current and future coastal wind farming and thus alternative energy discussions and research to
multiple audiences. It may thus assist to open new avenues for advanced interdisciplinary
research to be implemented by the leading environmental and social sciences research institutions
world wide. Underlying is the appreciation of the multiple scales of coastal social ecological
systems as defined by new forms of land and sea use.

Dr. Hartwig Kremer
CEO LOICZ, International Project Office
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1  Introduction: Analyzing Coastal and Marine
Change in Zukunft Kiiste - Coastal Futures

Andreas Kannen, Wilhelm Windhorst

Coastal and marine areas experience physical and ecological as well as social and economic
change, caused by pressure from climate change and globalization related processes. This change
may include changes in species composition, hydrodynamic and morphological patterns, but also
new patterns of land and sea use, all together translating into challenges for planning and
management.

As a response new forms of coastal (and marine) management approaches like Integrated Coastal
Zone Management (ICZM), Ecosystem Based Management (EBM) and Adaptive Management
evolved as alternatives or additions to traditional ad hoc and sector-based planning and
management. Within this context inter- and transdisciplinary research, which addresses the
numerous ecological, perceptual, normative, cultural and economic interactions between society
and coastal (eco)systems becomes more and more prominent.

In this report the German research project Zukunft Kiiste - Coastal Futures (in short: Coastal Futures)
is described as an example of an interdisciplinary research approach. Coastal Futures was one out
of two research projects funded by the Federal Ministry for Education and Research (BMBF)
from 2004 - 2010 in order to accompany the process of developing a national ICZM strategy for
Germany. The Covastal Futures approach analytically integrates not only results of social and
natural science investigations, but also links qualitative empirical research and quantitative
modeling.

Specifically in complex unstructured problems, for which the available knowledge is uncertain
and stakeholders perceptions diverge, rational decision making based on traditional scientific
support finds its limitations (Hommes et al. 2009). Integrated approaches such as chosen within
Coastal Futures aim to improve understanding of interactions at system level. By design and nature
they are better suited to trigger ideas and concepts into medium and long term policy processes
than providing short term technical support. Therefore the role of a project like Coastal Futures is
to stimulate debates about policy formulation at a strategic level and effects might be more long-
than short-term.

1.1  Coasts as areas of change

Many coastal areas are known for their resources and economic wealth, and many are famed for
their scenic beauty. Activities that make up use functions of the coast include among others
fishing, shipping, port development, recreation, conservation, coastal safety measures or military
defense (Glaeser et al. 2009).

Wilson et al. (2005) estimate that total coastal ecosystem goods and services may add up to more
than 40 % of the whole global value although they are generated on only 8 % of the world’s
surface. This quantitative estimate does not take into account the many non-use values which
would undoubtedly add another substantial share. In addition to economic production, ecological
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regulation, socio-cultural and aesthetic considerations - as seen in traditions, landscapes or
seascapes - form also part of the overall coastal zone context. This context is not static, but has
become increasingly dynamic over the last three decades.

Offshore wind farming and marine protected areas, or other upcoming issues that increase the
mix of diverse resource and areas uses, form the symbols of a new development that signify
profound changes in how these areas are looked at by parts of society.

This implies numerous challenges for coastal and marine policies, planning and management. A
particular challenge for research is therefore the integration of research on ecological processes
and functions with research on social, economic and institutional processes. The project Coastal
Futures aimed for the development of approaches and tools towards an integrated assessment of
changes in the use of coastal areas by analyzing the example of offshore wind farm development
in the German North Sea and related challenges at the Schleswig-Holstein North Sea coast as a
case study.

Technically and commercially, wind energy is one of the most advanced renewable energy
technologies (Foxon et al. 2003). According to the Global Wind Energy Council (GWEC), “wind
power is on track to supply 10-12 % of global electricity demand by 2020, reducing CO,
emissions by 1.5 billion tons per year” (GWEC 2009: 4). According to latest figures from the
Federal Maritime and Hydrographic Agency (Bundesamt fiir Seeschifffahrt und Hydrographie,
BSH, www.bsh.de) 95 offshore wind farm projects are currently listed in the German North and
Baltic Sea and 26 (of which 23 are located in the North Sea) have so far received planning
permission, but only one has just become operational.

As these figures illustrate, offshore wind farms have become a major driver for coastal and
marine change (Kannen & Burkhard 2009). The increasing interest of developers concerning
offshore wind farming is caused by several advantages compared to the conditions onshore:
Wind speeds are higher and more predictable, fewer conflicts with other types of land use are to
be expected (e.g. nature protection or tourism), and public resistance against new wind farm
developments seems less likely. However, a new ‘player’ like offshore wind energy (and its related
institutions) also places new demands on the allocation of limited space. Local, regional and
national debates focus on different or even conflicting perspectives (Byzio 2005, Kannen et al.
2008). As confirmed by research in Coastal Futures many debates among local residents move
around local and regional benefits versus risks, including those for existing local activities and the
ecosystem. Therefore, as subsequent chapters will demonstrate, some of the above named
advantages should not automatically be taken for granted and need careful consideration in policy
making and planning.

1.2 Defining the coastal zone

According to Sorensen (1997), the coastal zone includes offshore waters, the coastline, and the
adjacent shores. Quantitative definitions put forward in the context of economic development or
human population dynamics often limit their view of the coast to a 60 to 100 kilometer strip of
land that begins where the sea ends. Other definitions (including the one that is used in the
German ICZM strategy from 2006) include the seaward side, extending to 12 nautical miles or
encompassing the exclusive economic zone (EEZ). Coastal Futures uses a functional definition,
which looks at several spatial units and at different spatial and non-spatial scales depending on
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the specific impacts of offshore wind farms analyzed in the project (see chapter 3 and 4). This
can include the individual pile of a windmill as well as the German EEZ, regional economic
impacts at county level or national energy supply. Generally, different uses and functions thus
determine how spatial context and spatial and non-spatial scales need to be defined. The
definition of the coastal zone and the boundaries of a specific analysis will thus always vary
according to the issues at hand.

However, as shown by Coastal Futures research, for many problems it can be expected that
definitions will have to include interactions between multiple scales and management levels.
Furthermore, while the ecological impacts of offshore wind farms are particularly located in the
marine ecosystem, socioeconomic changes manifest themselves on land. Therefore research,
policies and planning need to span the land-sea interface in order to capture the human-
environment interactions.

1.3 ICZM as a new approach for governance and planning

Integrated Coastal Zone Management (ICZM) or Integrated Coastal Management (ICM) is
commonly seen as a process-oriented participatory approach that aims at the sustainable
development of coastal areas (e.g. Sorensen 1997, Cicin Sain & Knecht 1998). The two terms
ICM and ICZM can be used interchangeably; throughout this report the term ICZM will be used
because it is more commonly used in the European and German context in which Coastal Futures

is embedded.

The European Commission defines ICZM as a mechanism to create a balance between the
benefits of economic development and utilization of coastal regions by humankind, the benefits
of protection, preservation and restoration of coastal zones, the benefits of minimization of
losses of human life and property as well as the benefits of public access to and enjoyment of the
coastal zones, at all times within the limits set by natural dynamics” (CEC 1999: 16). It has been
developed as an alternative to traditional ad hoc and sector-based approaches which fail to
address the complexity of the coast and specifically the interactions between natural, social,
economic, cultural and institutional parts of the coastal system.

Therefore ICZM can be viewed as a relatively open, flexible concept for the adaptive planning
and management of coastal areas whose concrete expression and realization needs to reflect
regional needs and constellations of interest. This is where ICZM meets with interdisciplinary
coastal and marine research (Glaeser et al. 2009). Interdisciplinary and integrative research
projects, such as Coastal Futures, in this context form a tool to develop a holistic system
perspective, which is a prerequisite for adaptive and integrative policy making, planning and

management.

1.4  Structure of this Synthesis Report

A basic feature of ICZM is the view of the coast as complex social-ecological systems (Glaeser et
al. 2009, Kannen & Burkhard 2009). As documented in subsequent chapters, different methods
are used in Coastal Futures to discuss ecological, socio-economic and institutional risks and
opportunities arising from offshore wind farm development.
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Sea use changes with particular emphasis on offshore wind farming in the German North Sea are
described in chapter 2 as a starting point. In Coastal Futures the DPSIR framework (Driver-
Pressure-State-Impact-Response) was used to structure different data and information for the
systems analysis. An overview of the chosen methodological approach and its main components
is provided in chapter 3. The system analysis started with the construction of scenarios,
describing driver-pressure relations (chapter 4). Here scenarios are archetypal descriptions of
future alternative images created from mental maps or models that illustrate different
perspectives on future developments by describing assumed but logical cause-and-effect chains.

Inventories were used to describe the current state of the system and to provide the background
data or information needed for an analysis of the impact on system elements potentially
originating from the construction and operation of offshore wind farms. Chapter 5 provides the
results of a range of analyses looking at the impacts from offshore wind farms on the marine
ecosystem. Stakeholder analysis (chapter 6) and an analysis of potential effects for local and
regional economic development (chapter 7) look at social and economic impacts, linking also the
sea(use) perspective with the human dimension onshore. Holistic perspectives which were
integrated into the project frame particularly focus on the Ecosystem Service Approach (chapter
8), as well as capacity building (chapter 9) and governance (chapter 10).

Results from the impact assessments in chapters 5, 6 and 7 (looking at Pressure-State-Impact
interactions) have been aggregated into the ecosystem services approach (see chapter 8),
following the concept applied in the Millennium Ecosystem Assessment (MEA 2003). This
aggregation allows an estimate of impacts on ecosystem services and human well-being in the
German North Sea. The basic innovation in the ecosystem service approach is its holistic and
comprehensive characterization of ecosystem functions along four intersecting categories
(supporting, regulating, providing and cultural services), thereby putting single effects into the
broader (eco)system context. Analysis of governance and policy aspects (chapter 10) referring in
Coastal Futures to the Response category of the DPSIR framework focused on challenges for
spatial management and policy development in the (German) North Sea region, particularly
looking at Maritime Spatial Planning (MSP) and Integrated Coastal Zone Management (ICZM).
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2 Sea Use and Offshore Wind Farming

Kira Gee

Over the last few years two main trends have converged to increase pressure of use on
Germany’s seas. One is the intensification of many sea uses. Shipping for example has grown
enormously both in terms of transport volume and shipping frequency. The port of Hamburg,
for example, is forecast to nearly treble its cargo volume by 2025 compared to the 2004 figure,
which corresponds to a growth rate of 5.3 %. The total volume of cargo handled is expected to
rise from 793 million t (2004) to 1.658 million t (2025) (BMVBS 2007). At the same time, new
forms of use have emerged that not only represent new competitors for marine resources but are
changing the nature of sea use altogether. Offshore wind farming stands out amongst these
because it demands a considerable proportion of the available sea space and because the sheer
scale of the proposed developments has led to a series of environmental, social and economic
questions.

Coastal Futures aims to understand the impacts of offshore wind farming as part of a wider
systems perspective (see chapter 3). This chapter places offshore wind farming in the context of
wider trends that shape patterns of sea use and considers some of the specific driving forces that
guide its development in Germany.

2.1  Changing spatial patterns of sea use

Maps of sea use are provided by the Federal Maritime and Hydrographic Agency (BSH) in its
CONTIS (Continental Shelf Information System) database (Figure 2.1). A comparison of various
editions of the North Sea map of sea uses shows the dynamic nature of developments in the
EEZ of the German North Sea. Differences are particularly apparent in the case of offshore
wind farming, where larger ‘project areas’ were originally set aside than were later taken up by
planning applications for actual wind farms (Figure 2.2 and 2.3). The 2002 map was drawn up
during the very first stages of offshore wind farming when many open questions still existed with
respect to the technological and financial feasibility of offshore wind farming; the licensing
procedure had only just begun to take shape at that point. Later editions of the map thus not
only reflect the respective status of the offshore wind farming debate, but also a maturing of the
planning process. The latest edition of the map of uses shows an increase in the area set aside for
offshore wind farming, in particular in the deeper waters of the EEZ (Figure 2.1). Apart from
more precise mapping, the period 2002 - 2010 also shows a broadening of perspective, indicated
for example by the gradual inclusion of the international North Sea space.

The maps show overlap between areas set aside for various uses (military, sand and gravel
extraction, Natura 2000 sites and offshore wind farms); there is additional overlap with linear
forms of use (primarily data cables, shipping routes (traffic separation lines), gas pipelines and
high voltage cables). On top of these, transient uses such as fishing need to be taken into
account, which can take place anywhere in the EEZ unless they are prohibited or restricted for
reasons such as nature conservation. The latest map of sea uses demonstrates that the German
North Sea is far from empty space: On the contrary, it is rare to find an area that is not given
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over to some form of use. It also demonstrates that many of these uses are dependent on
particular locations, either because of specific marine resources (sand and gravel extraction,
marine nature reserves) or investment in built structures as a secondary effect (including cable
connections to the mainland in the case of offshore wind farms).
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Fig. 2.2: Multiple sea uses in the German North Sea as of November 2004 (BSH CONTIS Information System,
www.bsh.de, accessed November 2004).
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